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Boars, as well as other mammalian males, are known to 
exhibit a decrease :i.n se:1men quality duri1.1g the hot s.ummer 
months. This fact has b,~en well documented by Cassady ~ 
al., (1953); Corteel, (1963); Cupps .!ft aJ., (1960); Dutt 
and Hamm, (1957); Erb .~-.:t!Ll·, (19li-2); Skinner and Lo1.:rw, 
1965; and others. Since multiple farrowing is becom:tng a 
more popular pract:tce among sw:tne breeders, the breeding 
season is continu.ous year around. The·boar plays a major 
role :Ln f.a:r:rm·dng rates, so it is necessary to keep semen 
quality as high as possible the year around. Dutt and 
Bush ( 1955) report that lo1::,,1Eir the envirorn:nenta 1 temper= 
a ture fo:r sJ:ieep d·ut':!.ng thf:: 11.·varmEir seas on of the year will 
keep them f:com 
ties. 
ting the normal lowered semen quali-
The purpose o:f these two trials "l:,'li'.E!S to stu.dy the ef= 
feet of four s lte:r mod tions on semen qua liti(::S :tn 
boars, a. nd to determine :tf control.l:f.ng the environmeut 
would alleviate the depressed semen quality exhibited 
during the summer. Seasonal variation in swine semen 
characteristics were also observed and analyzed. 
1 
Also incorporated into the lt:H:ter part of thisi stu.dy 
were several methods of estimaiting spermatozoa tnotil:U:yo 
The convent:i.o:nttl iuethod {):f t\:.i:Stiioo1ting pt:::rce:nt motile sperm 
subje:ctively hEt$! been ct:'1..tic:tzed beJcauS:1,e it 1t'8ly be 'bi~se.d 
by sperm concentration, te.mperature, and other factors o 
'I'wo otht~r methods of estim~t:.ing percent motile sperm that 
Wf,~re u.tiJ.ized i:n this study ·were the hemocytometer method 
I 
and the S:"tlbject:l,?1~ method oi: est:t~ting the r.mte of fo:t0 we.rd 
CHAPTER II 
REVIEW OF LITERATURE 
Seasona 1 Variation 
In recent yea:es , res earcher.s have become more 
concer:ned about the effect of temperature and other 
environmenta 1 contliticms on the reproductive performance 
of farm ar.d:mals., Most of the research in this area has 
th h1t1lls and rams, but this review will present 
primarily tlrn limited work that has been published con= 
ccmce:rning Sf::asonal variation in boars., In all species, 
the results of' these s tu.dies indicate th.at semen quality 
and quantity 8:t'e <l"llffected by changes in temperatureo 
Okauehi and l-Iir.akat.llll (1962) fou.nd. that the season of 
the yea:1.:· influences the ,.1Jompos i.tion of the ejaculate of 
the bear., They repo1:ted that seme:tr'.1! volume wa:s lowest 
tempera tu.re; l'JJ.O'fpJe·trer, th£~ 1trt1.mbe1c of s pe:!f.mai to;;i;;~ did l!lot 
vary with the temper,~ ttu:e., It ·was 11oted in this study 
that the r:£1tio of live to tot.a 1 sperm f:e 11 duri:ng the hot 
seas on of the year., 
Stevermer ~ ,tl .. , (1961) noted some seasonal variation 
in semen procluetion in six bo.!rs.., The semen volume in .. 
creased in all but one boar in this tri~l during the cooler 
3 
season of the year. Both spermatozoa concentration and 
total number of spermatozoa per ejaculate were highest 
during t he warm summer months. 
4 
At the French boar stud in Poitou, Cotreel (1963) 
noted that five times as many ejaculates were rejected for 
us e for artificial insemination due to dead or a high 
percent age of abnorma 1 spermatozoa from August to November 
then f or any other time of the year. 
Three shelter modifications (three-sided house, open 
shade, and air-conditioned house) were used in a study to 
determine the nature of seasonal changes in boar semen 
(Lawrence, 1967). The semen from eight Yorkshire boars 
were used in this experiment. The results in this study 
indicated that volume and total sperm per ejaculate were 
highest during cool weather, and percent abnormal sperm 
was lowest during the same period. The analysis for shel-
ter effect suggested that, in general, the shelters which 
provided the most protection from the environment were the 
most conducive to good semen quality. However, the boars 
in the coolest shelter (air-conditioned house) did not 
produce the highest quality or quantity of semen. There 
was no apparent reason for this contradiction. Strained 
volume and percent motile sperm were highest in the group 
in the open shade. The percent abnormal sperm was l owest 
i n the group in the three-sided house. Also, total sperm 
per e jaculate was highest in the three-sided house groupo 
5 
Erb~ !.1·, (1942) studied the effects of seasonal 
changes in the semen characteristics of nine dairy bulls of 
four different breeds. These bulls were collected once a 
week for a year. The analyses of variance between months 
were found to be highly significant for initial motility, 
ejaculate vollilIDe, spermatozoa concentration per cubic 
millimeter, total sperm per ejaculate, and the number of 
abnormals per 1,000 spermatozoa. The pH of the semen was 
not significantly affected. The quality of the semen was 
significantly superior during the spring months and signi-
ficantly inferior during the summer. Semen volume was 
f ound to be lowest in July, August, and September, and 
initial motility was also the lowest during the same three 
month period. The average number of abnormal sperm cells 
was twenty-five percent greater during these months than 
in the next poorest month. Sperm survival was least in 
August and September. 
Mercier and Salisbury {1946) analyzed data from 328 
ejaculates and 20,689 inseminations in dairy cattle 
located in New York. They found sperm production and 
fertility to be at their lowest level in June and July. 
The percent abnormal sperm was highest during Marcht April, 
and May. 
Suffolk, Hampshire, and Rambouillet rams were used in 
an experiment by Cupps~ .!!J_., (1960) to study seasonal 
changes in the semen of these rams. The rams were 
collected twice a week with either an electroejaculator 
6 
or an artificial vagina. They found a pronounced decrease 
in ejaculate volume, cell concentration, percent motile 
and percent live sperm in August and September. This 
coincided with the high average maximum daily temperatures 
0 0 for these months of 97.8 F. and 91.9 F., respectively. 
Semen samples were collected from twelve fat-tailed 
rams once a week for a year by Hafez (1955). They were 
kept under natural conditions at Cairo, Egypt. The highest 
spermatogenic activity occurred at two different times 
during the year; March and April, and July and August. 
Semen quality was best in the spring and l owest in 
December. The t otal spermatozoa abnormalities were highest 
in the summer. Coiled tails was the main type of 
abnormality. Ejaculate volume was not correlated with any 
other semen characteristics. 
Most researchers are in agreement that the male of 
all species of farm animals exhibits a decrease in semen 
quality during the late summer months, and that semen 
quality begins to improve in the fall . In general~ 
research has indicated that spermatozoa motility decrease6 
with an increase. in environmental temperature and the 
percent of abnormal cells increase. Sperm concentration 
and volume are not adverEel.y affected to as great a degreeo 
Controlled Environment 
The use of artificial environments has been very 
helpful in studying many problems associated with the 
7 
effect of temperature on the physiology of reproduction. 
The use of controlled environments eliminates many of the 
variables that may influence fertility and semen production 
in males which cannot be controlled under norma 1 conditions o 
El-Azab (1966) studied the effect of local heat appli-
cation to the scrotum on spermatogenesis, maturation of the 
spermatozoa in the epididymis, and semen quality in rabbits 
and bulls. In the first test, the testes of twenty rabbits 
were heated either by artificial cryptorchidism or by 
immersion of the scrotum in a water bath at 43° c. for 
twenty, thirty, forty, or sixty minutes. In the test 
involving bulls, the scrotum was heated for one, three, 
six, twelve, or eighteen hours by immersion in a water bath 
at 43° c. The results indicated that the first meiotic 
division and the spermatids were affected adversely by 
heat, and that this led to an increase in the number of 
primary abnormalities of the sperm. Sperm with coiled 
tails seemed to originate in the testis, while tailless 
sperm originated in the epididymis. The sperm in the 
cauda epididymis seemed to be more resistant to heat than 
those in the caput epididymis. 
Heat stress and spermatogenesis in two species of 
cattle were studied by Skinner and Louw (1966). Several 
experiments were conducted to determine the critical 
duration of high ambient temperature (40° C.) required to 
adversely affect spermatogenesis in the bovine. Results 
indicated that spermatozoa were not as severely affected in 
8 
the Bos indicus as in the Bos taurus, but optimum spermato-
genesis was impaired in both breeds. An exposure of as 
little as twelve hours proved to be critical and the site 
of virtually all damage was in the seminiferous tubuleso 
A significant decrease in motility and percentage of live 
spermatozoa was recorded together with a significant in-
crease in the percentage of morphologically abnormal sperm-
atozoa. The authors concluded that even short-term 
exposures to heat stress can adversely affect spermatogene-
sis and fertility in the bovine. 
Austin~ al., (1961) conducted an experiment to 
. 
evaluate effects of short periods of scrotal insulation on 
semen characteristics of bulls. Twelve Hereford bulls were 
divided in three groups; control, and scrotal insulation 
for twenty- four or seventy-two hours. The insulation 
raised the mean scrotal temperature 3° F. In both treated 
groups, the number of live sperm decreased and abnormal 
sperm increased to sixty-five percent of controls in the 
second and third weeks after insulationo Sperm motility 
also decreased during this period. Sperm concentration 
decreased during the fourth through the seventh week in 
the seventy-two hour group. The authors also compared the 
effects of scrotal insulation and ionizing radiation. They 
demonstrated that the two types of injury produce similar 
defects, but the major effect of radiation is on the 
spermatogonia while insulation affects the more mature 
stages of sperm development. 
9 
Two heat chambers were utilized to study the effect of 
ambient temperature on f our Guernsey bulls (Casady~ 1!.1·, 
1953). The temperature in one chamber was progressively 
changed from 70° F. to 90° F. In the other chamber it was 
changed from 70° F. to 52° F., and then back to 86° in the 
same manner. Stress, as evidenced by restlessness, exces-
sive salivation, weakness and tremors, was not apparent 
until temperatures approached 90° F. Spermatogenesis was 
impaired in two bulls by continuous exposure to 100° F., 
and in the other two bulls by continuous exposure to 86° F. 
f or five weeks. Libido and volume were not affected by the 
high environmenta 1 temperatures , but i nitia 1 moti lity, 
sperm concentration, and total sperm counts decreased very 
markedly during or following exposure. 
Holstein, Brown Swiss, and Red Sindhi cross-bred bulls 
were used in a study of their physiological response to 
high temperatures and humidities (Johnson~ al., 1963). 
The bulls were exposed eight hours per day f or seven days 
to a maximum temperature of 104° F. and thirty millimeters 
of mercury vapor pressure. The minimum conditions were 
82° F. and twenty-two millimeters of mercury pressure. The 
effects of this stress were lower initial motility, sperm 
concentrat ion, and total numbers of sperm, and an increase 
in sperm abnorma lities. These effects were most pro-
nounced four to six weeks post treatment. Recovery of 
semen quality occurred by nine weeks after heat stress. 
10 
Simpson (1966) studied the response of semen pro-
duction and fertility in rams following exposure to 
controlled ambient temperatures. One group of rams was 
exposed to 90° F. for one week, another group was placed 
in an environment of 100° F. for twenty-four hours, and 
the last group was exposed to 100° F. for six hours. The 
semen quality of rams exposed to the first two treatments 
was significantly poorer than controls. The semen quality 
of the group exposed to 100° F. for six hours, however, 
was not significantly poorer than controls. When rams 
were maintained in an air-conditioned room during the 
summer months, their semen was of better quality than that 
of controls kept under normal environmental conditions. 
Testicular biopsy was performed on the group in the 
treatment of 90° F. for one week . The biopsy revealed 
shrunken tubules and disorganization of the germinal 
epithelium. Fourteen days post treatment the tubules were 
found to be devoid of germinal elements other than sperma-
togonia. 
Merino rams were used in a study to determine the 
effect of heat stress on morphologica l changes in sperma-
tozoa (Rathore and Yeates , 1967). Treated rams were 
exposed in the climatic chamber f or two daily exposures, 
each of eight hours at 105° F . and f orty-five percent 
relative humidity. Unheated rams served as controls and 
all rams were collected twice a week. Semen collections 
were made one day before exposure and every fourth day up 
11 
to thirty-six post heating. The semen of the treated 
greup contained a high proportion of spermatozoa with 
pyriform heads. They were first noticed eight days after 
the eno of the heating period, and their oecuranee ~ad-
ually increased up to fourteen to twenty-one days post 
heating. This condition returned to normal twenty-eight 
d~ys post heating. 
Simpson and Rice (1957), in a research study 
" -
conducted at the Kentucky Agricultural Experiment Station, 
placed three rams- in a room maintained at 90° F. for one 
week. The semen quality of these rams was compared to that 
of three control rams which were kept in an unheated barn 
during January. Collections were made once a week for an 
eight week period. The treatment had no effect on semen 
volume, but in the fourth week motility dropped to twenty-
two percent and the number of ab:aormal cells. rose to 51.1 
percent. Total sperm count reached its lowest level'in the 
fifth week. The treated group returned to normal semen 
production by the eighth week post treatmento 
A second experiment with rams performed at the same 
station (Simpson and Du:tt, 1958) 9 utilized treatments of 
1000 F. for twenty-four hours, 90° Fo for one week and a 
cc:mtrol groupo Duri:ag the six·week period following 
exposure to elevated temperatu:res, little difference r,;,.as 
noted in semen qualities from the two treatment groups of 
rams, however, both produced semen of lower quality than 
did the control rams. The percent motile cells was lowest 
12 
four we.eks after the treatments began when it was forty, 
thirty-three and seventy-nine percent for the three groups, 
respectively. The percent abnormal cells was also highest 
during the fourth week, averaging thirty-four percent for 
both treated groups and twenty-two percent for the controls. 
When rams were exposed to 100° Fo for six hours, the o~ly 
°'; 
response observed was an increase in the percent abnormal 
sperms tozoa • 
The effect of locally heating the testis of rams on 
spermatogenesis was studied by Waites and Setchell (1964). 
They noted that locally heating the testis above 39° c. for 
two hours caused moderate or severe seminal degeneration. 
The most severely treated ram produced eighty-eight to one 
hundred percent dead sperm be.tween days fifteen and. thirty· 
nine. The number of sperm declined from day eleven. 
Recovery of spermatogenic function was rapid and ap.peared 
to be normal again on day fifty-tbreeo 
The effect of high environmental temper~t~r~ on the 
semen production of sheared and unsheared rams was studied 
by Dutt and Hamm (1957)0 Six Southdown rams were used in 
the study. Two rams were subjected to each of two treat-
ments and a control. The control animals were unsbeared 
and maintained conventionally for winter conditions in 
Kentucky. Both treatment groups were subjected to an 
environment of 90° F. and sixty-five percent relative 
humidity for one week, the omly difference being that one 
group was sheared and the other was not. Volume and libido 
13 
was unchanged by either treatment group; however; sperma-
tozoa motility was adversely affected, especially in the 
unsheared groups. Motility fe 1.1 to ten percent during the 
fifth week after treatment. Ahnormal cells increased 
reaching a maximum five weeks after treatment. Sperm cell 
concentrations decreased more in the unsheared than in the 
sheared rams. Semen quality of a 11 rams returned to normal 
after eight weeks. 
The effect of low temperature on the fertility of 
rams was studied by using an air-conditioned chamber held 
within a range of 45° F .. to 48° F. (Dutt and Bush, 195,5). 
The reproductive performance of sheep maintained i~ this 
environment was compared to that of control animals in a 
similar chamber with a daily maximum temperature of 88 .. 7° 
F $ Semen from the rams kept in the air .. conditioned room 
did not show the mairked decrease in spermatozoa motility 
or the increase in percent abnormal that was noted in the 
control rams during tlle summer months .. 
The effect of daily immersion of the scrotum of rats 
and monkeys i!l a 44° Co water bath was studied by 
vankalaehalam and Ramanathari (1962). The scrotum of the 
rats was immersed for ten minutes per day and the scrotum 
of the monkeys for twenty minutes per dayo This procedure 
was extended over an eight·week period. Both the rats and 
monkeys showed loss of testicular weight, atrophy of the 
tubules and degeneration of the germinal epithelium .. 
Judged on the basis of reproductive performance 9 the rats 
14 
were found to be infertile. The epididymal smears of the 
monkeys showed no spermatozoa to be present. Partial 
regeneration of the germinal epithelium of the rat's testis 
was noted six weeks post tre~tment. 
Steinberger and Dixon (1959) studied the effect of 
heat on the testicular germinal epithelium of rats. The 
result.s indicated that a fifteen minute exposure to a 
temperature of 45° c. produced a progressive destruction of 
the entire germinal epithelium; The earliest cytologic 
changes were observed in the spermatids. When the rats 
were exposed to temperatures below 43° c. for fifteen 
minutes, it produced inconsistent tubular damage. A 
fifteen minute exposure to 43° c. produced testicular 
damage, mainly of the spermatoeytes. 
Chowdhury and Steinherger (1964) conducted a similar 
experiment with rats,, The results they obtained are im 
close agreement to Steinberger rs earlier work,,· Testicular 
t:lssu.e was studied at intervals of two, four, six, eight, 
and twenty-six days after exposure to beat (43° c. for 
fifteen minutes),, The frequency distribution o~. the 
various stages of spermatogenesis, the resting spermato• 
cytes, spermatogonia, and Sertoli cells were no~ .affected 
by exposure to the heato However, the primary spermato-
cytes in. the leptotene stage to, and ineludin$, the 
dividing sperJDatocytes were injured ... 
Rats were used by Bowler:(1967) to determine the 
effects of repeated temperature applications to testis on 
15 
fertility in males. The rats were immersed up to penis 
level in a water bath at 43.5 ±- 0.1° c. for twenty minutes. 
Eleven rats received a single heat application and recovered 
their fertility in 60.0 r 1.58 days. Of the fourteen rats 
which received seven applications of the same heat treat-
ment at six weekly intervals 11 twelve had a me.an recovery 
time of 108.2 :t 7.2 days. The author suggests that the 
testis of the rat can withstand repeated heat applications 
and still recover its spermatogenic function, although the 
repeated treatments do cause a delay in recovery of 
fertility,. 
Male rabbits 11 all of which had at least sixty percent 
motile sperm at the start of the trial were subjected to a 
temperature of' 1100 F .. far one hour in a laboratory experi= 
ment (El-Sheikh ~!l.•$ 1955)@ The body temper~ture of the 
rabbits was raised Li,., 6° F .. $) but in most cases sperm 
motility was not reduced,, Treated and control males were 
then mated to normal females on d~ys. seven$ twelve 
to fourteeu and twenty-one to thirty-one post treatment; 
and the percent of fertilized ova was us.ed to determine 
fertility .. Fertility of the treated bucks was signifi .. 
car1tly lower than the ccmt:rols., It was concluded that 
increased ambient temper<f!!!ture may ®llffect male fertility 
without bringing about any apparent depression in sperm 
motility,. 
Burfening and Ulberg ( 1968) 8tudied the effect of 
"" 
embryo surviva 1 in rabbits after being fertilized with 
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sperm that had been subjected to temperatures of 38° and 
400 c. Split ejaculates of rabbit semen was incubated for 
three hours at 38° or 40° c. The semen was then examined 
and inseminated separately into the uterine horns of rab-
bits which were mated four hours earlier to vasect0mized 
males. The eggs were recovered and examined for fertili-
zation,thirty hours after coitus .. The eggs were then 
returned to the oviduct, and nine days later their surviv-
al was estimated by counting the implantation sites. 
Increased temperature had no effect on the fertilizing 
capacity of the semen, but embryonic survival rate was 
higher (75%) 0 the uterine horns inseminated with semen in 
incubated at 38° c. than in those inseminated with semen 
incubated at 40° c .. (53%). 
Research that has been done with controlled environ-
ments indicates that high ambient temperatures are detri-
mental to spermatogenesis and semen quality. The more 
mature stages of spermatogenesis seems to be the most 
susceptible to beat damage, whereas~ the spermatogonia and 
leydig cells remain unaffected. Unless heat exposure is 
ve~y severe, spermatogenesis will again take place normally 
after a period of a few weeks. 
Hemocytometer Method of Assessing 
Spermatozoan Motility 
At the present time there is no quick and reliable 
method to determine the distribution of motility of 
individual sper~ cells in a semen sampleo Most methods 
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now in use for assessment of sperm motility are primarily 
subjective in nature, and the results are usually expressed 
in co~parative rather than absolute terms. These subjec-
tive measurements are apt to be influenced by the concen· 
tration of· cells unless care is taken to prevent this bias. 
There are several other methods which are commonly used by 
researchers that ~y possibly have more merit than esti-
mating motility o.f sperm cells subjectively in undiluted 
semen. Some investigators and artificial insemination 
units depend on graded estimates of the vigor of swirls. and 
wave formation in undiluted semen, as seen under the 
microscope, to assess motility. Many researchers just 
dilute the semen sample in order to view the individual 
cells easily at 200X or higher magnification.. Rothschild 
( 1948) devised a means of assaying sperm activity by using 
an a-c bridge and an oscilloscope to measure the electrical 
conductance of semen samples between two platinum elec-
trodes. This type of method cannot be used with diluted 
semen, because less than 800,000 cells per cubic millimeter 
will not give an indication on the oscilloscope. 
The only known thoroughly objective method to assess 
sperm motility is based on the use of the hemocytometer. 
This method was first described by Brady and Gildow (1939) 
a 
.... 
who diluted semen 1: 100 with physiological saline in one 
dilution pipette and with a one percent alcohol solution, 
which kills the spermatozoa in another. These separate 
dilutions were then placed in two chambers of the hemocy· 
18 
tometer~ They determined the percent motility by counting 
the number of non-motile sperm cells in the sample diluted 
with phys iologica 1 saline and subtracting this value from 
the total number of cells in the sixteen squares of the 
chamber which contained the semen diluted with alcohol. 
This method has been somewhat modified by Willet and 
Salisbury (1942) who used a one percent chlorazene solution 
to kill the spermatozoa; by Harvey ( 1945) who used a two 
percent solution of osmic acid in a glass capsule inverted 
over one section of the counting chamber; by Blom (1946), 
who used heat; and by Lasley (1951), who used freezing. 
Barle ( 1952a) conducted a study involving the hemocy-
tometer method in ·which he compared sever a 1 extenclers. 
Hemocytometer determinations were carried out on 372 
ejaculates from eight normal bulls. The following average 
motility rate ·was recorded for the different extenders; 
Ringer's soluti.011:1 76%; Ringer's bicarbonate solution~ 
71.5%; glucose-phosphate diluter, 67. 3%; and egg-yolk 
phosphate dilt1.ter, 58.9%. In a second comparative trial, 
Ringer's solution gave on an average 17 .. 6% higher motility 
than the egg-yolk phosphate solution. 
It was found that temperature has a. great effect on 
motility.. i\.t 38° C. a 12. 7% higher motility rate was 
obtained than when the same semen was tested at 18° c. The 
speed of motion of the cells was also reduced markedly at 
the lower temperature. 
Lasley (1951) suggested that determining motility 
by hemocytometer may cause motility estimates to be too 
high, because many of the inactive sperm are moved about 
19 
by the active ones, giving the false impression that nearly 
all the cells are motile.. He found that the correlation 
between hemocytometer motility and conception rate was 
0.314. 
The hemocytometer method of estimating spermatozoa 
motility is time-consuming, but presently is probably the 
most accurate method. Salisbury and vanDemark (1961) 
... 
deviates from the normal pattern of this method in that 
they do not use a known volume, but instead dilute the 
semen so that only a few spermatozoa are found in each 
microscope field and then quickly determine both the total 
number and the number of non-motile ce.lls in each of 
several fields. The accuracy of this particular method 
depends on proper dilutionj temperature control and the 
skill of the technician. 
I 
CHAPTER III 
Mi\TERIALS AND METHODS 
Trial I 
This. trial began March 1, 1967, and terminated 
February 26, 1968. The study,w.as conducted at the Oklahoma 
State University boar facilities and involved 12 purebred 
,f 
Yorkshire boars from th,~ Ok.lafi.orna State University purebred 
swine herd. The identiflcati.on numbers, initial and final 
weights and ages of each boar are given in Table I. 
Four boars were randomly assigned to each of the three 
environmental lots~ These were adjacent lots, each 
approximately 30 x 112 feet h1 size$ The treatments 
imposed were determined by the type of shelter in each of 
the indivic1u.al lots as follo·ws, z 
Lot I~ A 10 x 11 foot three-sided house that opened 
to the east. Bedding consisted of wet sand during the 
summer and strirw during the winter. 
Lot 11$ A six foot high, 14 x 18 foot open pole 
shade with a galvanized meta 1 roof and a dirt floor. No 
bedding was provided for the boars in this lot~ 
Lot III. A fully insulated 9 x 10 foot house with a 
wooden floor and a 4\ foot ceiling, The door was designed 
so that it could be easily opened by the boars, but was 
20 
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spring loaded so that it remained closed except when in 
use. A one horsepower air conditioner was used to hold the 
temperature inside this building as close to 75° F. as 
possible during the summer months. During the cooler 
months the air conditioner was turned off and no attempt 
was made to heat the building or to provide bedding in 
the winter. 
TABLE I 
DESCRIPTION OF THE BOARS 
USED IN TRIAL I 
,.P)~,....~~liijfl!i""1l--~~IAAftjl!~K~,':lt.l:#lll-.,,,,.-;.11:...-..;all!~~W,~1"mo.,,,,,_.,,....._ir.,,,lll"""1,"-~l~"lllffll!li-........ _.._.----
Initial Final Initial Final 
Boar Lot8 A~e A9e Weight Weight _ .... f~I:n-~ ... _ _!;U- ;u· 
69-7 I I 16 28 435 480 
70-3 II 16 28 450 480 
69-8 I II 16 · 28 400 480 
70-5 I II 16 28 485 510 
71-10 II 16 28 505 530 
66·9 . III 16 28 470 520 
69·14 III 16 28 410 485 
62-16 III 16 28 475 530 
74-7 1111 16 28 415 505 
---!"""f'""'~· thr-e'e sicfea' sfi'eite.r", II~n-sfi~iae;--
III ""' air conditioned house 
The ll1, percent protein ration that was. fed to the 
boars is shown in Table II. The boars were fed six pounds 
per day of the ration, except for the boars in Lot II 
which were fed at a higher leve 1 during the winter months 
in order to maintain a more constant weight. All boars 
were fed in individual feeding stalls. Water was provided 
.!9, libitum, by means of automatic waterers. 
TABLE II 
BOAR RATION 
• Ingre,diE?nf; __ , ___ __.l..,.b .... s ..... L_,t .... o...,n_ 
Milo 1592 
Soybean Meal 208 
Tankage 50 
Alfalfa Leaf Meal 100 
Dicalcium Phosphate 25 
Calcium Carbonate 10 
Trace Mineral Mix 10 
Premix 4o0 
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Semen collections were made three times weekly 
(Monday, Wednesday, and Friday) in an attempt to simulate 
production conditions, and reduce the variation between 
ejaculates that may be associated with less frequent col-
lections~ Ea.ch boar was collected by the same person 
whenever possible in an attempt to standardize conditions .. 
The boars -were trained to mount a padded, canvas covered, 
wooden breeding dummy for collection., Disposable plastic 
bags were placed over the end of the dummy to prevent 
contact of the boar's penis with the canvas so as to keep 
this area of contact sanitary o The ejaculation was 
stimulated hy applying pres.sure with the hand upon the 
spiral portion of the penis (as described by Hancock and 
Hovell, 1959). This method, when properly carried out, is 
very effective and eliminates the use-of the artificial 
vagina. 
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As each ejaculate was collected, it was strained 
through four layers of gauze into a 600 milliliter beaker 
to remove the gelatinous material which was discarded. 
Strained volume was the only data recorded for the ejacu-
lates from the first collection day of each week. A 25 
milliliter subsample was obtained from the ejaculates of 
six boars during the second collection day, and from the 
remaining six boars during the last collection day of each 
week. The test tubes containing the subsamples were 
placed in an insulated chest, and taken to a laboratory in 
the Veterinary Medicine Building as soon as possible after 
collection to be analyzed. 
At the laboratory the subsamples were removed from 
the chest and placed in a water bath maintained at a 
constant temperature of 37° C. The following laboratory 
evaluations were carried out: 
1. Motility estimates were made by subjectively 
estimating the percent of sperm cells that were motile in 
the undiluted semen. Two drops of the undiluted semen 
were placed on a warm microscope slide, swirled with a 
stirring rod, then covered with a covers lip, and immedi-
ately observed under 100 power magnificationo 
2. Spermatozoa concentration was estimated by means 
of a hemocytometero The semen was diluted with a 3.2 
percent sodium citrate solution in a red blood cell pipette 
at a ratio of one part semen to 100 parts of diluter,, The 
cells were evenly dispersed by means of a mechanical 
24 
shaker. The first few drops from the pipette were dis= 
carded. then the two chambers on a hemocytometer were 
filledo The total number of spermatozoa in the five 
diagonal squares in each chamber were counted and av~ragedo 
Sperm concentration was c~lculated as the average of the 
counts obtained and converted to .a concent:r.'.t:JJtion per 
milliliter. 
3. Total spermatozoa per ej8culate was c~leul~ted as 
the praduct of the concentration per milliliter ~nd the 
strained volume of the semen in milliliterrso 
4. The percent of abnormal sper.m.aitozo.ei was estimeited 
from the observation of 100 stained cells from slides pre-
pared by the technique described by Wage lie £!;. al.,_ 
(1959), utilizing carbol fuchsin st.siin. Morphological 
forms were categorized on a multiple tally machine ~s 
normal, bent tails» coiled tails, broken necks, t~illess 
heads, abnormal heads and cytoplasmic droplets. This 
semen criteria was not recorded until the first pairt of 
April, 1967. 
The daily maximum $nd minimum temperatU!r:'eS were ~v~il= 
able from instruments loc~ted one mile from the b~r pens. 
Trial II 
'!'his trial began Jun~ 1, 1968, and terminated 
November 30, _1968. The s&11me facilities were used in this 
trial that were used in Tri.al I. Nine purebred Yorkshire 
boars were used in this trialo Boar no. 69=10 died during 
25 
the third week of July. The identification numbers, lot 
number, initial and final age and ·weight of each boar are 
given in Table III. 
-r,,,i•nl 
Boar Lot8 











DESCRIPTION OF THE BOARS 
USED IN TRIAL II 
Initfal Final Initial 
A~e A,e Weight 
... !..~9 s} ,(Mo S} (lbs. l 
31 . 37 49'0 
31 37 570 
31 37 485 
31 37 520 
31 37 485 
31 37 515 
31 37 490 
31 37 505 












---a"'I7'~sheiter' rr = open shade with 
sprinkler, III = air-conditioned house 
The boars in this trial were fed and managed in the 
same manner as were the boars in Trial I .. The shelters in 
each lot were identical to those in Trial I except a 
sprinkler system was installed in the open shade in Lot II. 
Tb.e sprinklers ·were in use from June 21, 1968, to September 
31, 1968. They were turned on by 9:00 oiclock each 
morning and were turned off by 7:00 o'clock every eveningo 
Daily temperatures were taken between two and four 
o'clock each afternoon by means of thermometers which were 
placed in similar shaded locations in each shelter. The 
daily maximum and minimum environmental temperatures were 
also recorded during this triaL 
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Collection procedures were identical to those carried 
out in Trial I with the exception that the boars were 
collected only on Monday and Friday of each week during 
this trialo This change was made because of the refusal of 
a number of boars to work consistently following severa 1 
months of collecting three times a week .. 
The semen evaluations made were the same as in Trial I 
with the following exceptions.: 
1. Strained volume data was recorded twice each week, 
and the remaining data was recorded only once. each week. 
2. Subjective motility estimates were made at the 
collection barn as soon as the ejaculates were obtainedo 
A drop of semen was placed on a microscope slide that had 
been heated to 37° c. by means of an electric slide warmer,. 
Two drops of the extender described in Table IV were mixed 
with the semen on the slide. This was a modification of 
the Norman-Johnson (NJ•w2) extender described by Johnson 
~ al., (1968). It was added to allow the individual 
spermatozoa cells to be seen more easily. The number of 
motile spermatozoa was estimated and recorded as a percent 
of the total sperm present. 
3. An estimate was also made of the rate of forward 
progress of the spermatozoa at the same time the motility 
estimate was made. A rating of one to five was given, as 
described by Wells, (1968), with one being no forward move-
ment and five being very fast forward progress. 
TABLE IV 
COMPOSITION OF THE MODIFIED 
NJ-2 EXTENDER 
Ingredient 
Sodium Citrate Dihydrate 
Calcium Chloride, Anhydrous 
Glucose 
Magnesium Chloride Hexahydrate 
Potassium Chloride 
Sodium Chloride 
Monosodium Phosphate Monohydrate 
Quantity per 
100 ml .. of 
extender 







Distilled water added. to bring total to 100 ml .. 
4. At the laboratory, motility estimates of each 
semen sample were made by the hemocytometer method as 
described by Brody and Gildow (1939). The semen was 
diluted 1:100 with the modified NJ-2 extender in one red 
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blood cell pipette and with a 3.2 percent sodium citrate 
solution, which immobilized the sperltlatozoa in another 
pipette. Two separate hemocytometer counting chambers were 
then filled with each of these dilutions .. The percent 
motility was determined by counting the number of non· 
motile sperm cells in the sample diluted with NJ""2 extender 
and subtracting this value· from the tota 1 number of cells 
in the hemocytometer chamber containing the semen diluted 
with sodium citrate, in which all sperm cells had been 
immobilizedo This value, which was an estimate of the 
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number of motile cells, was divided by the total number of 
cells and multiplied by one hundred to express the estimate 
of the percent motile cells .. The sodium citrate solution 
was not effective in immobilizing the spermatozoa, so the 
procedure was slightly modified., The number of non-motile 
cells were counted in the pipettes. containing the samples 
diluted with the NJ-2 extender, then the pipettes were 
placed in the freezer for five minutes to immobilize the 
spermatozoa. The total number of cells in the hemoeytom-
eter chamber were then counted and the procedure as ex-
plained above was followed to obtain an estimate of the 
percent motile cells. This method proved to be more satis-
factory. 
The montl;1ly fluctuatioas of semen characteristics and 
changes in environmental temperature for each trial are 
graphically illustratedo 
The analyses of varia11ce for the effect of shelter 
modification on the various semen characteristics are some-
what complicated., The data was sorted so that only the 
days on which all boars, i11 each respective treatment worked 
were considered.. This type of analysis was used for eval-
uating the effects of shelter modification on all semen 
characteristics.. Kramer 8s, modification of Duncan's New 
Multiple Range Test was used in conjunction with the 
analyses of variance described above (Steele and Torrie, 
1960). Simple correlations were used to determine the 
relationship between the various semen criteria. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Trial I 
Collections 
During the c0urse of this 12 month study 1, 752 indivi· 
dual collections were attempted, and 1,421 (81o0 percent) 
we,re successful. Successful collections per boar ranged 
from 59.3 pe~cent to 95~0 percent of those attempted as 
presented in Table Vo Ejaculates were obtained from 77ol, 
76 .. 1 and 89 .. 2 percent of the collections attempted from 
the boars in Lots I, II, and III, respectively. An analysis 
of variance for percent successful collections showed that 
lot effect accounted for a major source of variation. Lot 
III (air-conditioned building) had a significantly (P<. 05) 
higher percentage of successful collections than did either 
Lots I (three-sided shelter) or II (open shade). These 
results indicate that boars kept in a more sheltered envi· 
ronment tend to he more consistent in their response to 
collectien (Figure 1). !:haring the first part of this trial, 
all boars worked fairly consistently, but during the second 
half of the trial it became increasingly more difficult to 
obtain successful collections from all boars~ The refusal 
of boars to mwnt the breeding dummy routinely during the 
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TABLE V 
MEAN MEASUREMENTS FOR INDIVIDUAL 
BOARS IN TRI.AL I 
Percent, Percent Cone,, Tota 1 Percent 
Boar Lot motile abnormal · Volume per 6 .sperm successful 



















44 .. 2 
55.4 
45.6 
69 .. 7 
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Figure 1. Pattern of Percent Successful 
Ejaculate Collections 
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second half of the experimental period has also been 
reported by Swierstra (1967). Collecting bo~rs every 
other day may be too frequent if the boars are to be col-
lected regularly for an extended period of timeo The 
failure to obtain regular collections from trained boars 
have also been reported by Cox and Wilham (1961). The 
coldest environmental temperatures were during the latter 
part of this trial, and this also could have been a factor 
in the refusal of the boars to mount the breeding dummy 
during this periodo 
Semen Criteria 
The 11umber of observations, means, standard errors, 
and coefficients of variation for the semen characteristics 
used in this trial are given in Table VI. The means for 
the semen characteristics in this study are well within 
the ranges that have been established in the literature. 
TABLE VI 
POPULATION DESCRIPTION OF SEMEN (TRIAL I) 
1111--
.J..e81..en ..Gharacteristics ..111 Mea,n ± So E, CoV 2 ('%) 
Strained volume (ml .. ) 1020 203 40 + .. - 2 .. 06 32 .. 4 
Percent motile sperm 376 61 .. 16 ± 1 .. 44 45 .. 7 
Percent abnormal sperm 298 11.44 ± 0 .. 50 74 .. 5 
Concentration/mlo x 106 376 220 .. 35 ± 5 .. 59 49 .. 2 
Total sperm/ejac .. x 109 376 41061 ± 1 .. 00 46 .. 4 
1N = Number of observations used in Analysis of Variance 
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The average strained ejaculate volume of 203 .. 4 ml .. for 
the boars in this study is ,in e lose agreement with the 213 
ml. value reported by Lawrence (1967) and the 205.5 ml. 
value reported by Gerrits ~ !:l!>, (1962). ',l\il:'kheimer. (1957):' 
I • ' 
and Swierstra (1967) obtained somewhat lower values of 173 
and 178 ml. respectively.. Since they were using young 
Yorkshire boars their values are expected to be somewhat 
lower than the values obtained from more mature boars. 
The average percent motile spermatozoa determined in 
this study was very close to the 58 percent reported by 
- ,·· 
Turkheimer §..t !l·, (1958) and the 55 percent found by 
Lawrence (1967). Gerrits et al., (1962) however, obtained 
a higher value of 80 .. 2 percent motile sperm. 
Lawrence (1967) and Gerrits et Jl., (1962) reported 
11. 7 percent and 9 .. 6 percent abnormal spermatozoa in boar 
semen, respectively, and this is comparable to the 11.4 
percent value obtained in this trial. 
The average spermatozoa concentration per milliliter 
found in this.study was 220 .. 4 x 106 • This agrees:very-well< 
; 6 ; 
with the ;value 213 x 10 obtained by Lawrence (19~7) and · 
. . . i 
192 x 106; obtained by Gerrits et !lo, ( 1962). :Sorbo~ ,!.t .!!./~ 
(1965) st~·tes that 150 to 250 x 106 spermat~zoa per milli- : .. 
' liter is the norma 1 range for the average concentration of ;. 
boar semen 
Lawrence (1967) and Gerrits et !l·, (1962) found the 
..... ., 9 
value of total sperm per eja.culate to be 37 x 10 and 39 .. 5 
x 109, respectively, whieh is comparable to the 41 .. 6 x U)9 
34 
value found in this trial. Turkheimer (1958) found a some-
what higher value of 47 x 109 and Swierstra (1967) reported 
a lower value of 23 x 109 .. 
Seasonal E:f;fects 
Semen quality values do not remain constant, but are 
found te fluctuate over a period of time°" Environmental 
conditions, temperature, humidity, and type of shelter, are 
responsible for a large percentage of this variation in 
semen qualityo The two part figures, Figure 2 through 
Figure 6 present the monthly patterns es,tablished for the 
semen criteria used in this study. Each point in the 
single lined graph of each pair of figures represents the 
average value for all 12 boars for each month irrespective 
of treatment. In the second figure of each pair, the 
average monthly values for the boars in each treatment 
group are plottedo The average value of the semen charac-
teristics are presented in the first figure of each pair 
as a straight line cm the X·axis. Figure 7 illustrates 
the average maximum and minimum daily temperature for each 
month during the trial .. 
Analyses of variance (Table VII) showed that the 
effect of time of year accounted for a major source of 
variation in each semen criteria studied. This was 
expected because other researchers have well established 
the fact that there is seasonal variation in the semen 
quality of boars. Table VIII shows which monthly averages 
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of all boars combined were sigui.cantly different from other 
monthly averages as determined by Kramer's Modification of 
Duncan's New Multiple Range Test (Steel and Torrie, 1960). 
In the table all valu.es not tinderlined by the same line 
are significantly differer.t :Erom each other. The analyses 
of varia11ce also indicated that there was a significant \ 
interaction bet1ween lots and time for a 11 semen criteria. 
These interactions can be obs,erved in Figure 2 through 
Figure 6,, 
In this study larger semen volumes were obtained 
during thE3 cooler months of the year (see Figure 2). Seme11 
volume 'i?Jas. lo,;ve1: dur:tng the summer and early fall months 
( July-October) than dur:tr1g any other time dur:l'.ng the year. 
These results agree very well with Erb ~ ll·, ( 1942) who 
fou:nd that in bulls th.e average semen volume was least in 
July, l~ugust, and S,epte111ber~ Hafez ~t. ~.+.·, (1955) also 
found that: t:'J:1e average semen volume o:E sheep ·was lowest 
dm:~ing tb.e s,uam:nei: months .and highest during the spring and 
winter 0 Okr~uchi and Kirakata ( 1962) reported that 
s,e:men vol1:m:ie in boat's is lowest du.ring the seasons of 
n:iaxiraum and i.ninimu.m environmenta 1 tempera tu.res o 
Figure 3 shows that spermatozoa motility was highest 
dur:i.ng the early winter months and lo·west during the late 
spring and summer n1or1ths,. Generally most researchers agree 
that initial spermatozoa motility is lowest dt:o:ing the 
warmer mo1.1ths and highest dttriug the cooler moriths. Erb 
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bulls was least in July, August, and September. The same 
trend is also shown in sheep by Cupps .§:.t. ll·, ( 1960). The 
results of this trial, omitting the data from Lot II, are 
in agreement with most researchers. Lot II (open shade), 
however, exhibited the lowest initial motility during the 
early spring months. The boars in Lot II had the least 
protection from the environment, and the cold weather 
during the winter months may have been m~:re detrimental to 
spermatozoa motility th.an the higher temperature during 
the summer. The motility values for a 11 three lots were 
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TABLE VII 
TABULATED ANALY$ES OF VARIANCE OF TIME EFFECT 
ON SEMEN CHARACTERISTICS (TRIAL I) 
Volume (ml.) 
Day in treatment 252 4327.0 
Error 756 2069.3 
Percent motile sperm 
Day in treatment 182 910.9 
Error 182 303.8 
2 .. 99*** 
Percent a'tmormal sperm 
Day in treatment 143 71.91 
Error 143 56.33 
L28*** 
Concentration/ml* 
Dav in treatment 182 14548.34 
Error 182 4788.86 
Total sperm/ejac. 
· Day in treatme11t 182 496.14 
Error 182 223.94 
~·~--·-,--.--...... ,-... ,--~·--... ---------
ii:'ik-.'t: Level oi: signiflcance = P<. 001 
In trd.s s tu.dy, the average maxi.mum ambient temperature 
was highest :tn August (Figure 7) and the percent abnormal 
spermatozoa ·was the highest in October (Figure l•), approx-
• l • 'I 1 1mate y e1gnt iv,1ee~s later .. These results are comparable 
to those found in rams by Cupps J?.t;.. a L, ( 1960) and in 
bulls by Erb ,e,:t:. !U~, (1942) ~ However, Lawrence (1967) at 
this same station found the percent ab11ormal spermatozoa 
to be the highest during December. Heat and other forms 
of stress, such as exposure to irradiation, seems to have 
a latent effect on the semen qualities of most male mam-






DUNC.il:\N tg NEW i:v1ULTIPLE RANGE TESTS l OF MONTHLY MEANS 
FOR SE}'.lEN CRITERIA (TRIAL I) 
.[~-a~.fl§~olume 
Sept Oct Aug June Dec Jan J,\pr Feb Mar 
184 189 190 197 203 204, 206 213 221 
.P~rcent Motile Sperm 
Apr June Jan Mar July Aug Feb Dec Oct 






Percent Abnorma_l Sperm 
Month: Dec Feb May .Apr Jan Nov June July Aug Sept Oct 
Value: 8.1 9 .. 4 9.4 9~6 10.8 11.1 11~3 12.4 12.7 14.0 16.8 
~--~~---~--~~~~--~~---- _.__.. ~ ~~--~-----~--~---~~~~~~----~------~----·------~------~~----~----~ -l>-w 
TABLE VIII (CONTINUED) 
.fi z 
Concentration/ml. 
Month: Sept Nov Oct Aug Apr May Feb Mar Dec June July Jan 
Value: 153 171 176 184 213 214 232 234 237 238 307 363 
.I_Qta 1 Sperm/ejaculate 
3 
Month: Sept Oct Aug Apr May Nov June Dec July Feb Mar Jan 
Value: 30.8 33.9 35.4 40e0 40.9 43.5 45.6 46.1 47.1 48.6 49.6 72 .. 6 
1 . . Kramer's modification for unequal numbers (Steel and Torrie, 1960) .. 
2 6 x 10 




were exposed to heat stress of 400 C., it was approximately 
four weeks later before the ma1dmum symptoms were observed. 
Ladd and Murphee (1964) and Willham and Cox (1961) con-
ducted irradiation experiments with boars, and they report 
this latent period to be eight or nine weeks. The percent 
abnormal spermatozoa seems to be more sensitive to temp-
erature than are the other semen characteristics. This has 
also been reported in sheep by Simpson and Dutt (1958) .. 
The values for sperm concentration per milliliter and 
total sperm per ejaculate observed in this study are in 
agreement with most researchers. Two peaks of semen pro-
duction 1rs1ere noticed; one during June and July and one 
during December and January (Figures. 5 a11d 6). Since there 
is a negative relationship between sperm concentration and 
volume, the values obtained during these two periods were 
to be expected. Stevermer (1961) found the greatest sperm 
production in boars to be during June, July, and Augusto 
Lawrence (1967), ho-i,1ever, found the highest peak to be in 
December and .Januaryo If his study had encompassed a 
complete year, he might also have found another peak s.perm 
production during the summer months. 
The lot effect on each semen criteria was evaluated 
by analyses of variance for a completely randomized experi-
ment, however, the data was sorted so that only complete 
data for each lot was used in the analysis. The results of 
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these analyses are tabulated in Table IXq Duncan's New 
Multiple Range Test was used to locate the differences 
between lots. The results of the multiple range tests are 
presented in Table X. 
The shelters in each lot were designed to be appli-
cable to production conditions and therefore temperature, 
humidity, and light were not strictly controlled. The air-
conditioned house in Lot III provided the most protection 
:from environmental extremes, while the open shade in Lot II 
provided the least protection. It was hypothesized that 
the boars in Lot III would be under less environmental 
stress than the boars in the other two lots and would 
therefore eJchibit the highest semen quality. The semen 
criteria averages for each lot are presented in Table X. 
The analyses of variance indicate that of a 11 the semen 
characterJ..stlcs involved, only percent motile cells and 
sperm corH:entraticm per milliliter were significantly 
affected by the lot treatments. Analyses of variance also 
showed that there was a significant amount of variation 
between boars :i.11 the same treatment. 
The boars in Lot III were kept cooler in the summer 
and warmer in the winter than were the boars in the other 
lots, however, the overall semen quality was higher for the 
boars housed in the three-sided shelter. These results 
are in agreement with those reported by Lawrence (1967)0 
During the hot summer months, the temperature was main-
tained at cooler temperatures in the lot with the air-
TABLE IX 
TABULATED ANALY'SES OF VARIANCE OF LOT EFFECT ON SEMEN 
CHARACTERISTICS (TRIAL I) 
SPTJ.17ce D,F, Mean ,Square 
Volume (mlo) 
Between lots 2 258978.35 
Error 9 138293.41 
Percent motile sperm 
Between lots 5 11117 .. 98 
Error 6 2743.43 
Percent abnormal sperm 
Between lots 5 367 .. 15 
Error 6 232.57 
Concentration/ml. 
Between lots 5 156797.,77 
Error 6 18434., 14 
Total sperm/ejac. 
Between lots 5 346.97 
Error 6 ·· 1133.92 
* Level of Significance= P<::..10 ** Level of Significance= Pc::::::..05 
TABLE X 
F Value 
1 .. 87 
4.05* 
1.58 
8 .. 51** 
0.31 
DUNCAN'S NEW l4ULTIPLE RANGE TESTS OF LOT MEANS 
FOR SEMEN MEASUREMENTS (TRIAL I) 
47 
e, .... - • ]_ei_~ii:~r11:.er.t_a'"""~--0 -· ---~.-1..o:-:·rt.i:...· ...i::l:...· _L=O::..· t:::....l-=-=:I:....--...:L;;;;.;O::;..:t .... · -=I=I ... :t__ 
Volume (ml.) 
Percent motile sperm 
Percent abnormal sperm 
Concentration/ml x 106 
Total sperm/ejac. x 109 
233.681 158 .. 98 203.2a 
73.138 54 .. 72b 66.39ab 






l:tot means of same meas.urement with the same super-
script do nat differ significantly (P<::.05). 
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conditioned building but the boars in Lot I had much more 
ventilation and air movement. This could possibly be a 
factor which caused the boars in Lot I to exhibit the 
highest overall semen quality. lutt and Bush (1955) report-
ed that semen from rams kept in a;r-conditioned buildings 
at 45° F .. did not show the marked decrease in motility of 
cells or an increase in percent abnormal cells which was 
found in the control rams during the summer months. The 
air•conditioned building that they used, however, was kept 
much cooler in the summer than was the building used in 
this trial. If the air~eonditioned building had been main-
tained at a cooler temperature 9 the boars may not have ex-
hibited the depressed semen qualities during the summer 
months~ Simpson and Dutt (1958) and Dutt and Hamm (1957) 
observed that when rams were exposed to i.ncrease:d tempera-
tures, semenqualities declined. 
Interr.e]Jitionships of Semen Q.ri,teria 
Table XI shows the simple correlations between the 
semen criteria :studied in this trial. These correlations 
were pooled for the complete trial and the variance due to 
the time of the year was removed. 
Sperm concentration and total sperm per ejaculate were 
found to be closely associated with one another (r = 0.698). 
, .. 
Semen volume was also significantly associated with these 
two semen criteria. These relationships are to be expected 
since total sperm per ejaculate is. calculated as the product 
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TABLE XI 
CORRELATION COEFFICIENTS BETWEEN SEMEN CHARACTERISTIC 








Sperm -----·-~·---·-·----··-·-----S .... U!,....,Q.:aJ.l...._ _____ s_p .... e.,.r;,,;;;m..,.w_•_,, ______ _ 
Volume 
Percent motile sperm 
Percent abnormal. sperm 
Cot1centration per ml., 
... 03 
-.22** 
1 of s.:tgn:i.ficance = P<. 01 






of semen volume and sperm concentration per milliliter. The 
significant negative correlation between percent motile 
sperm and percent abnormal s.perm was also expected, because 
sperm motility is associatE::d with high semen quality, and 
abnormal sperm with lm·, semen quality,, The correlations 
obtained in this study are in excellent agreen)ent with 
La,,.rr:ence (1967). Hm,vever, since these semen criteria are 
not very highly correlated with each other, it would 
appeat: necf:::ssary that each m1easureme11t must be individually 
determined in orde1: to get: th,i:: best estimate of semen 
quality,, 
Trial II 
During the course of this. six mor1th trial, 383 indi-
vidual collections ,-,,,ere attempted and 309 (80~ 7 percent) 
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were successful. The successful collections per boar 
ranged from 41.0 to 95 .. 3 percent of those attempted as 
presented in Table XIIlo Ejaculates were obtained from 
93.8, 78 .. 2 and 72.,3 percent of the collections attempted 
from the boars in Lots I, II, and III, respectively. .An 
analysis of variance for percent successful collections 
showed that lot effect accounted for a major part of the 
variation. Lot I had a significantly higher (P<. 01) 
percentage of boars that were successfully collected than 
either of the other lots .. Lot III included one boar which 
failed to work consistently, thus lowering the pen average 
greatly~ This boar was crippled for several weeks during 
the trial, which may account for his refusal to mount the 
breeding dummy. Lot III had the highest percentage of 
boars that were success,fully collected in Trial I, however. 
It was noted in this trial that a 11 boars worked more con-
sistently during the first half of the trial than they did 
during the second half.. Thi.s was also observed in Trial I. 
The variation between months was not as drastic in this 
trial as. it was in Trial Io (Figures 1 and 8). This may 
be due to the fact that Trial II was not conducted during 
the extremely cold months.. In Tria 1 I the boars mounted 
the breeding dummy less consistently during the colder 
months .. The boars in Trial II were only collected twice 
a week as compared to the three times weekly collection in 
Trial I. It may very well be that boars collected less 
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The number of obs.ervations, means, standard errors, 
and coefficients of variation for the semen characteristics 
used in this trial are given in Table XII. All the semen 
criteria evaluated in this trial are somewhat higher than 
those values obtained in Trial I, however, these values 
are still well within the normal ranges. 
TABLE XII 
POPULATION DESCRIPTION OF SEMEN (TRIAL II} 
Semen Ch~-S--t-~-~-i-~s_ti-~c_s_. _____ µ_1 __ _.....M-ea_n_._± _ s_. ___ E_. ____ c_._v-. __ (1c_9 ) __ 
Volume 
Percent Motile Sperm (S) 2 
Percent Motile Sperm (H) 3 
Rate of Forward Movement 
Percent Abnormal Sperm 
Concentration/ml. x 106 
Total Sperm/Ejac .. x 109 
189 232.99 ± .7.74 45.6 
99 71.01 ± 1.46 20.5 
92 77.55 ± 1.42 17.6 
93 3.19 ± 0.09 8.9 
98 13.75 ± 1.13 80.9 
99 265.05 ± 12.99 48.9 
99 55.21 ± 2.19 39.3 
1~ = No~ of observations used analysis of variance. 
2 Sis subjective method 
3H i·s bemocytometer method 
Two other methods of assessing spermatozoa mC>tility 
were utilized in this trial besides the conventional sub-
TABLE XIII 
MEAN MEASUREMENTS FOR INDIVIDUAL BOARS IN TRIAL II 
Semen Characteristics. Boar No 
62~"'~U5. 63-5 69-8. 71-10 10-5 69-14 74-7 66 .. 9 
Lot No. I I II II II III III III 
Percent moiile 
sperm (S) · 79.8 75.5 78.3 60.2 71.5 59.5 72.8 67.5 
Percent mofile 
sperm (H) · 79.7 77.2 79 .. 0 66.0 72.5 63.6 79 .. 4 82.4 
.•. 
Rate of forward 
progress 3.75 3.22 3.80 2.62 3.13 2.55 3.47 3.12 
Percent abnormal 
sp~rm 7.7 13.8 7.6 19.1 12.3 25.4 12.4 8.5 
Volume (ml.) 205 368 135 218 208 169 212 216 
·- "' 
Concentration peg 
milliliter x 10 266 182 421 248 220 386 303 265 
Tota 1 sperm per 9 
ejaculate x 10 49.7 65.5 55.0 53.5 45 •. 9 60.9 68.8 53.9 
Percent successful 
collections 92.2 95.3 54.8 88.0 91. 7 89.7 85.8 41.0 .. 
..•.. .. .. . .. " ~ •.. > .. - ~ - -·-·· . 
1s = Subjective 2 H = Hemocytometer Vt w 
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jeetive estimate method. These two methods were the hemo-
eytometer method and subjective method of estimating the 
rate of forward movement of sperm in undiluted semen. These 
methods are explained in detail in the materials and 
methods section of this thesis. 
Seasona 1 Effects 
The two part figures, Figure 9 through 15, present the 
monthly patterns es.tablished for the semen criteria used in 
this study .. Each point in the single lined graph of each 
pair of figures represents the average value for all eight 
boars for each month, irrespective of treatment. The 
average value of each semen characteristic is presented in 
the first figure of each pair as a straight line on the 
X-axis. In the second figure of each pair, the average 
monthly values for the boars in each treatment group are 
plotted~ Figure 14 shows the average maximum and minimum 
daily temperatm:e for each month during this trial. 
The time of the year was found to be a major source 
of variation in semen characteristics in this trial also. 
Table XIV shows the combined analyses of variance for time 
effect and Table XV shows which monthly averages were 
significantly different from each other as determined by 
r<ramer 's Modification of Duncan's New Multiple Range Tests, 
(Steel and Torrie, 1960). All values not underlined by 
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This trial agrees very well with Trial I concerning 
the effect of time on semen criteria fluctuations. Gener-
ally, the months that exhibited the highest values in Trial 
I were the months that showed the highest values in Trial 
II. 
In this trial, significantly larger semen volumes 
were obtained during October and November than any other 
time during the trial (Table XV). This is in agreement 
... 'i 
with the results obtained in Trial I and also with other 
workers .. 
Figures 10 and 11 show that the percent motile ,sperm 
was lowest during the summer months and higher during the 
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TABULATED ANALYSES OF VARIANCE OF TIME EFFECT 
ON SEMEN CHARACTERISTICS (TRIAL II) 
Source 
Volume (ml .. ) 
Day in treatment 
Error 
Percent motile sperm (S)l 
Day in treatment 
Error 
Percent motile sperm (H) 2 
Day in treatment .. 
Error 
Rate of forward progress 
Day in treatment 
.Error 
Percent abnormal sperm 
Day in treatment 
Error 
Concentration/ml. 
Day in treatment 
Error 
Total sperm/ejac. 
Day in treatment 
Error 






































1s = Subjective method 
2H = Hemocytometer method 
* Level of Significance = P< .10 
.,, 
** Leve 1 of Significance = P< .. 05 












DUNCAN 'S NEW MULTIPLE RANGE TESTS 1 
OF MONTHLY MEANS FOR SEMEN 
CRITERIA (TRIAL II) 















Sept July Aug June Nov 
62~3 64.7 69.3 69.7 78.4 









7L,7 72.0 75.3 80.5 81.2 






Per~ent Abnormal Sperm 
Aug Oct Sept Nov 
Aug Oct 
June July 




Value: 49 .. 5 
TABLE XV ( CONTINUED) 







Total Sperm/ejaculate x 
July Sept Aug 
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lKramer 's modificati.on for unequal numbers (Steel and 
Torrie, 1960) .. 
Trial I. The two measurements of percent motility utilized 
in this trial tended to vary together over the months .. 
The rate of forward movement of sperm also fluctuated in 
the same pattern .. The hemocytometer method had a higher 
average value than did the subjective method, but both 
estimates exhibited the same fluctuation. Most researchers 
agree that the hemocytometer method estimates the percent-
age higher tr~n does the subjective method. Lasley (1951) 
states that the motility estimates are higher when using 
the hemocytometer method because many of the inactive sperm 
are moved about by the active ones, giving a false impres-
sion that more cells are. motile than really are. 
The only semen criteria that did not exhibit the 
same pattern was percent abnormal spermo In Trial I the 
months with the highest percentage of abnormals were July 
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through October. In this trial, however, the percent 
abnormal sperm was highest during June and July. The 
average daily maximum temperatures were very similar during 
both trials. The treatment imposed on the boars in Lot II 
was modified in this trial. A sprinkler system was instal-
led in the open shade structure and this seemed to have 
some merit. The second part of Figure 13 shows that the 
boars in this lot did not exhibit the increase in abnormal 
sperm as they did in Trial I (Figure 4). The boars. in Lot 
III had a high percentage of abnormal sperm during July 
and September. The peak in percent abnormal sperm in Lot 
III during September is probably due to the fact that the 
air-conditioner ·was not functioning during one week in 
July and the boars. had no cooling system while it was 
being repaired. 
The values for sperm concentration per milliliter and 
total sperm per ejaculate agree very well with results 
obtained in Tri.al I (Figures 14 and 15).. Both trials 
indicate a low a.perm productio11 during the summer months .. 
These results have also been obtained by other workers as 
discussed in the previous trial. 
The lot effect on each semen criteria was evaluated 
by analyses of variance for a completely randomized experi-
ment, however, the data was sorted so that only complete 
data for each lot was used in the analysis. The results of 
67 
these analyses are tabulated in Table XVI. No statisti-
cally significant differences were found due to the small 
number of animals used in this trial. The graphs in 
Figures 9 through 15 ind:i.cate that some differences exist, 
but these differences were 11ot large enough to be detected 
TABLE XVI 
TABULATED ANALYSES OF VARIANCE OF LOT EFFECT ON 
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by the sma 11 number of degrees of freedom associated with 
the error term which had to be usedo Table XVII presents 
the semen criteria averages for each lot and Table XVIII 
presents. the maximum bimonthly ambient temperatures and · 
the corresponding afternoon temperatures in each shelter. 
The boars in Lot III were maintained at the coolest 
~-
temperature but during the week the air-conditioner was not 
in use, they were stressed rather severelyo This had a 
detrimental effect on the boars as is evidenced by their 
depressed semen quality .. The boars in Lot I exhibited the 
highest overall semen quality~ This is in agreement with 
the results obtained in Trial I and also with the results 
reported by Lawrence (1967). Although the difference 
betweer1 lots were not significant, the trend indicates that 
boars kept :i:n a three sided shelter have higher semen 
quality than boars that we.re maintained in the other two 
s.helters. The addition of the sprinkler system to the lot 
with the open shade structure (Lot II) improved the semen 
quality of the boars as compared to the boars in this 
same lot a year earlier without the sprinkler.. The sprin-
kler system seemed to have the greates.t merit in preventing 
the increase in the percent of abnormal sperm during the 
summer months. (Figure l+ and 13) Whatley~ ll·, (1957) 
... 
conducted a trial utilizing sprinklers in open shade 
structures for pregnant gilts during the summer months. He 
observed that the sprinklers reduced the rectal tempera-
tures of gilts as compared to control gilts which were 
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maintained in open shades without access to sprinklers. 
Although no rectal temperatures were taken for the boars 
used in this trial, it is possible that the body tempera-
ture, as well as the scrotal temperature, of the boars in 
the lot with the sprinklers could have been lowered enough 
to prevent the increase in percent abnormal sperm which is 
usually observed during the summer months. This type of 
cooling device is very inexpensive and would be very 
practical for use by most swine breeders. 
TABLE XVII 
SEMEN CRITERIA AVERA.GES FOR EACH LOT (TRIAL II) 
Semen Criteria Lot I Lot II Lot III 
Volume (ml..) 286.5 187 .. 3 199 .. 2 
Percent motile sperm (S)l 77 .. 67 70.00 66 .. 61 
Percent motile sperm (H) 2 7So42 72.5 75.13 
Rate of forward movement 3 .. 49 3.18 3 .. 05 
Percent abnormal spe:rm 10 .. 76 12 .. 97 15.44 
Concentration/mlo x 106 223 .. 95 295.97 318.13 
Total sperm/ejac. x 109 57.56 51.46 61.20 
1s b. • · u · Jective 
2 Hemocytometer 
The results of this study as well as the study con-
ducted by Lawrence (1967) indicate that the type of air-
conditioned shelter used in these trials does not improve 
semen quality in boars.. In future studies of this nature, 
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it would be profitable to maintain the boars in a larger 
air-conditioned bui14ing at a cooler temperature than that 
used in,this study. The boars should also be kept in the 
air-conditioned building' during the entire day instead of 
being allowed to go in and out at will.. Observations made 
during this study revealed that the boars spent the major 
part of each day outside the shelter and were therefore 
not utilizing it to the greatest degree. This suggests 
that the building was too small to accomodate the boars 




CORRESPONDING MAXIMUM DAILY ENVIRONMENTAL 
AND AFTERNOON SHELTER TEMPERATURES 
Type of Shelter 
Environmental Three sided Open Air 
Bimonthly Shelter Shade Conditioned 
Maximum Building 
17-30 87.8 83.8 83.0 81.3 
1-15 88.5 85.3 85.7 83.9 
July. 16-31 95.0 89.5 89.0' 83o5 
Aug l-17 95.5 90.6 89 .. 1 81 .. 1 
Aug 18-31 91.0 86.7 85 .. 5 81.4 
Sept 1-15 85 •. 5 79., 7 78.9 77.9 
Sept 16-36 86 .. 1 81 .. 5 80.3 78 .. 9 
Interrelationships of Semen Criteria 
The simple correlations between the semen criteria 
studied in this trial are shown in Table XIX. These 
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correlations were pooled over the complete trial and the 
variance due to time of the year was removed .. These cor-
relations. are very similar to those obtained in Trial I. 
Volume and total sperm per ejaculate showed a significant 
correlation. A high negati.ve correlation existed between 
volume and concentration per milliliter. The three esti-
mates of motility utilized in this trial were all signi-
ficantly correlated with one another. The highest cor-
relation was between the subjective estimate of sperm 
motility and the rate of forward movement. This correlation 
was probably high because both are subjective estimates and 
they both may be biased to a certain degree by the sperm 
concentration at the time the estimates were made. All 
three estiu1ates of motility .showed a significa11t negative 
correlat:i.on with pe:rcent abnormal sperm. Sperm concentra-
tion was found to be h:.tg;hly correlated with total sperm per 
ejaculate .. 
None of the correlations were high enough to be able 
to predict one semen characteristic by measuring another. 
A much higber correlation between the subjective estimate 
of motility and the hemocytometer method was expected. 
Several factors may have influenced erroneous values for 
either or both methods .. The sperm concentration at the 
time of making subjective estimates may not have been 
constant for all observations, thus bias.ing the value. A 
lower motility value is usually given to the semen with the 
least concer1tration, even though its motility may be 
.,. 
TABLE XIX 
CORRELATION COEFFICIENTS BETWEEN SEMEN CHARACTERISTIC 
MEASUREMENTS . (TRL\L II) 





Rate of forward 
progress 
Conc .. /ml. 
Total sperm 
per ejac. 
1s == Subjective 
Percent Percent Rate-of Cone. Total Percent 
motile motile forward per ml.. sperm/ abnormal 
sperm sperm movement ejac. sperm IDJ ____ __,(...,,,H,.._) :t_- _ _
- .. 01 ~20* ..... 11 ... 061** .22* -.05 
.. 42** .57** .01 -.05 - .. 41** 
022* - .. 12 .. 05 -.48** ........ 
.. 02 - .. 10 - .. 36** 
.55** .. 24* 
--
.. 24* 
2a = Hemocytometer 
* Level of Significance = P< .. 05 




similar to a semen sample which is more concentrated. The 
advantages of the hemocytometer method is that the indi-
vidual cells can be observed and the concentration of sperm 
is more uniform, however, it is a very time cons.uming 
procedure. The extender used to dilute the semen for use 
in the hemocytometer method may have been too basic or 
acidic for the spermatozoa .. The initial pB of the exten· 
der was determined and it was acceptable, but as the 
extender set over a period of time it could possibly have 
changed. Except for boar 66*9 (Table XIII) the averages 
... 
for both estimates of motility for each boar were very 
similar .. The monthly fluctuation patterns for both types 
of estimates were also very similar. From this study, the 
subjective es,timate of motility seems to be the most 
feasible .. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
This study was divided into two trials.. Trial I 
extended over one complete year and utilized 12 Yorkshire 
boars that were collected three times per week.. Trial II 
was six months in length and included eight Yorkshire 
boars that were collected twice weekly .. Three shelter 
modifications were used in each trial., Semen evaluations 
were made to determine the effects of shelter and season 
fluctuations in semen characteristics over the peJ:iod of 
each trial~ In Trial II tbree different ways of estimating 
spermatozoa motility were evaluated, and their relationship 
to each other ~,vas studied .. 
The results of this study indicated that semen volume 
and total sperm per ejaculate were highest during the 
cooler months of the year,, In general, s.perm motility was 
highest during the cooler weather and lowest during the 
warmer season of the year, but the boars in the open shade 
structure, which provided the least protection from the 
environment, exhibited the lowest motility during the 
coolest period of the year,, The percent abnormal sperma-




The analyses for shelter effects suggests that the 
three sided shelter was the most conducive to high semen 
quality in boars. The results of this study indicate that 
boars housed in shelters with maximum ventilation have 
higher semen quality during the summer than those housed 
in cooler shelters that have inadequate ventilationo During 
the winter months, however, semen quality of boars was 
lowest in the lot with the least protection from the envi:-
ronment.. The cooling of boars by means of the sprinkler 
system utilized in Trial II apparently was, effective in 
lowering the percent abnormal spermatozoa during the 
summer months as compared to the other lots. 
In both trials, the boars mounted the breeding dummy 
and.could be collected more consistently during the first 
half of each trial than during the latter half.. Results 
also indicate that boars provided_ with the bes_t shelter 
during the winter months tended to be more consistent in 
their response to collection .. Collecting boars three 
times a week for one year seems to be too ofteno During 
the first six months of the trial, 90% of the collections 
attempted were successful, but by the end of the trial, 
the boars were only successfully collected about 40% of 
the times attempted., After terminating Trial I, the boars 
were allowed to rest sexually for two months before Trial 
II began@ They were then collected twice a week for six 
months. They worked more consistently than when they were 
collected every other day, but during the latter half of 
the trial they became less consistent in collection. 
Whether this is a carry over ef feet from Tria 1 I or an 
indication that continued biweekly collection is too 
frequent could not be determined. 
-
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'Xb.e estimates of spermatozoa motility by each of the 
three methods studied in Trial II all followed the same 
general fluctuation pattern over, a period of six months. 
In general, the boars with the highest subjective estimate 
of mot.ility exhibited the highest estimate by the other two 
methods. Only one boar did not follow this pattern and 
this was responsible for the correlations among the th'ree 
estimates of motility being low .. Since all methods of 
estimating sperm motility followed the same patter~, the 
subjective method is recommended for use, because the 
hemocytometer method is very time consuming .. 
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